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I. Introduction
Argan (Argania spinosa (L.) Skeels) is an endemic tree of arid territories in Morocco [1] [2], surviving to drought periods and able to produce leaves, branches and fruits with as little as 100 mm rainfall [3] , [4] , [5] , [6] . The natural limits of the argan trees are given mainly by climate [1] and they are located at the lowest snowline. Argan trees can resist to temperatures below 0 °C only a short time [7] . Argan, mainly used for the edible oil extracted from its fruit, and has recently received increased attention as a candidate for domestication and as a non-timber producing tree for environment preservation and rural communities well being. However, in the continental arid like the pre-Saharan areas, the cold remains the major obstacle to the extension of argan and several other species [8] . Argan is a menaced species because of over-use and the lack of neither natural nor artificial regeneration [9] [10] [11] [12] [13] .
Germination and early seedling development stages are critical periods for the establishment of plant species [14] . However, argan seed germination was improved by combining scarification, chilling, gibberellic acid and fungicide treatments [15] [16] and light treatment [17] . Among various environmental stresses, low temperature is one of the most important factors limiting the productivity and geographical distribution of plants across the world [18] [19] . Low temperatures, defined as low but not freezing temperatures (0-15 °C), are common in nature and can damage many plant species, while several plant species have the ability to increase their tolerance in response to low temperatures [19] [28] . Nursery argan seedlings production is very low due to the low percentage of seed germination and attack seedling aged less than five months by Fusarium [6] [29] . The effect of cold stress (minimum temperature during the cold period is ≤ 10 ° C) on the survival of argan seedlings in nursery was identified by preliminary observations [29] , but it is not yet studied. It has been reported that when seedlings of argan aged one year and a half and those aged six to eight months, from 90 mother-tree genotypes were transplanted in the experimental station of the Regional Directorate of Water and Forests Tanssift Sidi Jaber Elkalaa (arid and cold region), all the seedlings died after a week of freezing (-2 ° C).
Lamhamedi and al. [30] found that the use of shades house in nurseries in arid and semi-arid areas is important against the exposure and sensitivity of seedlings to thermal stress. However, the use of shade house is not widespread in all nurseries. Currently, the production of argan seedlings in the nursery is in the open air without any protection. Effect of cold stress on survival of argan seedling produced in the open air (without shade house) or under shade house need more investigations. Our goal in this study is to compare on the one hand, the reaction of argan seedlings, from different mother-trees (genotypes) during cold period and shows secondly the importance of the shade house on surviving seedlings during this period.
II. Materials And Methods
Effects of cold periods on seedlings growth were studied in field conditions during two consecutive years by two tests (I and II). Ripe argan fruits were collected from 15 and 30 argan mother trees (genotypes) respectively for test I and test II. The experiments were carried out in Agadir (located in south of Morocco), during June of each year when the minimum temperature exceeds 10 °C. Indeed, this temperature condition was considered favorable for seedling growth [31] .
Argan seedlings
The protocol for pre-treatment of argan seeds was developed by Alouani and Bani-Aameur [15] . Since, the fruits from each mother-tree (genotype) were hulled and the stones were maintained at 4 °C. The stones were soaked in 2% chlorine solution for 15 minutes and then washed by distilled water. They were then scarified by slightly cracking them and immediately treated with the fungicide (Thirame). Thereafter, the stones were soaked for 24 hours in a gibberellic acid solution (GA3) at 1000 ppm and then rinsed twice with fresh water. The stones of each genotype were germinated in a plastic tray (40 x 30 x 10 cm3) filled with sterile sand and the optimum moisture was maintained by application of distilled water. The plastic trays were placed under mini-greenhouses covered with clear plastic and stones were exposed to direct natural daylight [17] . Seedlings from the germination test of these stones were planted in seedling trays filled with a substrate consisting of peat moss, sand and argan forest soil (1:1:1). The soil moisture was maintained constant by application of water every 48 hours
Effects of cold periods on seedlings argan
In the first test, seedlings were placed in the open air (without shade house), while those of the second test were placed under shade (with shade house). The number of surviving seedlings (NSS) was recorded for each trial four dates of observations (July, August, November and February). At the end of January, we calculated the average percentage of seedlings affected by cold (SAC) (yellowing and drying of part or all of the leaves), the percentage of recovery seedlings in relation to the number of seedlings affected by cold stress (RS/SAC) and the percentage of lost seedlings (seedlings remained dry) under the effect of cold stress after the resumption of seedlings (SRDC). We noted here that the absence of contaminants was checked in dead plants on middle acidified PDA.
Statistical analysis
Different mother-trees of plants were distributed in an experimental randomized complete block factorial design. For seedling survival, the factors: block, date of observation and mother-tree (15 for test 1 and 30 for test 2) were crossed [32] [33] . The experimental design consists of a seedling tray where 40 germinated seeds were planted. For the percentage of loss and recovery seedlings (SAC, RP / SAC and SRDC), the factors: block and mother-trees were crossed and a square root transformation (x + 0.5) was performed on percentages for statistical analysis. The Least Significant Difference (LSD) test (α=5%) of equality of means was used to compare significant factors means. Statistical analysis was performed by Statistix software
III. Results
Factors mother-tree and date of observation were highly significant for surviving seedlings for the two tests; however, their interaction was only significant for surviving seedlings placed without shade house ( Table  1) . Mean percentage of surviving seedlings was very variable depending on the date of observation (Fig. 1) . When the seedlings are not covered with shade, it was 78.0% after about two months of aging, 65.7% after five months and it was only 51.0% after seven months. This shows that even after five months (November to February), the percentage of seedling survival was not yet stabilized. We noted here that the average percentage of seedling survival under shade house was 78.0% after about two months of aging and it was stabilized after five months to 77.2%. Loss of seedlings under shade house during the cold period, November to February, was null.
Table1. Analysis of variance of the number of surviving seedlings in the two tests (with and without shade house). ns: non significant, * *: significant at 0.01 When the seedlings were not covered with shade house, the mean surviving seedlings percentage varied between 49.4% and 93.3% depending on mother-tree ( Table 2) . On the other hand, this percentage was varied between 68.8% and 92.5% for seedlings under shade house. In seedlings without shade house, the reaction of seedlings under the influence of the cold period (November to January, a period characterized by minimum temperatures ≤ 10 ° C (Fig. 2)) , is manifested by yellowing and leaf scorch (SAC). Some of these seedlings start their activity by the appearance of new leaves (RP/SAC), while others were lost (SRDC). Mother-tree factor was highly significant on the average percentage of seedlings with symptoms (SAC) ( Table 3 ). We observed no significant effect on the percentage of recovery of seedlings compared to the number of seedlings with symptoms (RP/SAC) or the percentage of seedlings lost under cold effect after the resumption of seedlings (SRDC).
Effect of Cold Stress on Nursery Argan (Argania spinosa (L.) Skeels) Seedlings Production
Table3. Analysis of variance of the mean percentage of seedlings affected by cold stress (SAC), resumption of seedlings from the seedling numbers affected by cold stress (RS / SAC) and seedlings lost as a result of cold after the resumption of seedlings (SRDC) in seedlings without shade house. The average percentage of seedlings with symptoms was 47.9% (Table 4) . It was very variable according to the genotypes of the mother-tree (G); it ranges from 23.6% (G 3) and 68.2% (G 15). The genotypes more sensitive to cold are: 15, 7, 10, 9, 13 and 6, whereas genotypes 1 and 3 are the most cold tolerant. The mean percentage recovery of seedlings compared to the number of seedlings with symptoms was 53.9%. It oscillates between 36.5% (G 9) and 72.8% (G 6). However, approximately 50% of seedlings with symptoms (respond to cold) are lost. The percentage loss of seedlings under the influence of cold, after the resumption of seedlings varies between 6.9% (G 3) and 35.9% (G 9). Although the period from November to February, during the companion of test with shade house, is characterized by lower minimum temperatures (reaching values below 5 ° C) (Fig. 2B) than those recorded during the same period of the test without shade house ( Fig. 2A) , there has been no loss of seedlings during the cold period. Means followed by different letters are significantly different at 0.05
IV. Discussion
The effect of cold has been a limiting factor on nursery argan (Argania spinosa (L.) Skeels) seedlings production. Indeed, after five months, the cold effect is manifested by yellowing and drying out of the leaves of seedlings from different genotypes. These symptoms are estimates of the response of seedlings to cold [26] . Reduction in seedlings production might be due to reductions in photosynthesis [25] . Cold conditions also induce damage to the root system of seedlings produced in containers, which induces a negative impact on the survival and growth of seedlings [24] [34] . Damage to seedlings under the influence of cold conditions is associated in part to the massive destruction of cells [28] [35] . In this study, the reaction of argan seedlings to cold conditions was significantly different according to genotypes of mother-trees. Some genotypes are more sensitive than others, where the possibility of selection of genotypes resistant to cold stress to improve the production of nursery plants. This variation in seedling survival can be explained by the genetic diversity of plants argan. Numerous studies on several clones or genotypes confirm this diversity to response to different stress [15] [40] . Several plant species have the ability to increase their tolerance in response to low temperatures [19] [22] [41] .
The effect of cold conditions did not affect seedlings growing under shade house, and the use of shade structures in nursery seedling production of argan could be necessary as demonstrated by the present study. Indeed, shade houses are used to protect seedlings after germination, the seedlings harden and preconditioned to different environmental stresses [30] . Covered shade house seedlings are not affected by the cold probably because a microclimate was created under shade that stimulates seedling growth. This microclimate can be characterized by temperatures above 10 ° C during cold period.
It is well established that some of the molecular and physiological changes that occur during cold acclimation are important for plant cold tolerance [21] [23] . However, further studies were needed to understand this variability in response to cold stress between different argan genotypes. 
